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B. Sadler Takach Department of Art and Design, University of Alberta, Canada
J. Daniels Department of Psychology, University of Alberta, Canada
C. Varnhagen Department of Psychology, University of Alberta, Canada

Abstract
Working within an interdisciplinary, collaborative context to bring research into design practice
offers both challenges and opportunities in building strategic alliances for a common purpose,
integrating methods of research, and transferring or translating the resulting knowledge into action.
Integrating multiple methods requires an iterative, complementary approach to the design of
research, characterised by the need for effective communicative strategies throughout the process.
Two of the responsibilities inherent in applied research are to undertake useful research and to
report it in ways that are accessible to people working in different disciplines, and usable in
practice. We centre our discussion on three of our learner-centred studies, in which we integrated
methods from applied developmental science, information design and instructional technology and
to explore the design and use of Web sites and an interactive encyclopedia.
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Putting it all together: bringing interdisciplinary research to
the practice of designing interactive learning tools
Introduction
Designing appropriate and effective learning environments must include the consideration of the
learner, the content and the learning media. Collaboration among researchers and designers with
expertise in developmental science, information design and learning is essential to a successful
process and outcome.
The nature of collaborative work among different disciplines is complex, as each discipline brings
its own concepts, methods, structures and critical aspects. The phases of a collaborative process
include building strategic alliances, integrating methods, and transferring or translating knowledge.
Each phase carries its own challenges and opportunities. The process may be initiated in the public,
practice or research spheres, and have a cyclical or interactive aspect, as the sharing of knowledge
may prompt more questions, or the application of design guidelines to a product may require more
testing. Critical input from practitioners and the public ensures useful activity.

Building strategic alliances
Strategic alliances have been formed between researchers and practitioners for benefits that include
expanded boundaries of individual investigation (Klein 1996), enhanced funding opportunities
(Herz 1994) and enriched process and practice (Hofmeester and de Charon de Saint Germain 1999).
Valuing a common goal of studying the learner clarifies our purpose, and allows for new
opportunities for collaborative research and learning that could benefit design practice. Our teambased approach involves undergraduate and graduate students and faculty members in the design of
research studies and interpretation of data, and features an iterative process towards the design,
interpretation and presentation of research. Regular meetings take place in the Instructional
Technology and Resources Lab in the Department of Psychology at the University of Alberta.
Although we are all interested in the design of optimal learning materials, at this point, there is only
one trained information designer on the team, who teaches on campus, and who entered the PhD
program in Applied Developmental Science to learn more about how children learn with
technology. Developmental psychologists draw upon a plurality of approaches to study
development and learning, including those from the cognitive and socio-cultural domains. Crossfunctional design teams, which may include psychologists, also use an iterative process, and
multiple methods to develop multimedia commercial or educational products.
The work of researchers and practitioners alike can benefit from challenging popular ideas and
assumptions (even our own) about learning with technology, and the design of learning tools. One
such notion is that introducing technology in the classroom was the catalyst for a learning
revolution. Another is the idea that the structure and function of hypermedia, with its links and
nodes, parallels the structure and function of the human mind. These ideas do not appear to be
strongly supported by research (Tergan 1997a), and in fact, because of deficiencies in design and
research, we may even have vastly underestimated the potential of interactive learning media
(Tergan 1997b).
The design of interactive media may have a critical effect on the use of learning tools, but not in the
ways we might expect. The results from our learner-centred studies suggest that learners prefer
easily-accessed, clearly presented information in an interactive encyclopedia and a non-confusing,
familiar structure in Web sites. Our complementary approaches have provided a powerful
opportunity to focus on learners' motivations, preferences and learning strategies, which appear to
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be more critical factors affecting the optimal design and use of learning tools, than the presentation
of information.
Collaborative research allows participants, through learning, to become more effective practitioners
(Bray, Lee, Smith and Yorks 2000). Successful integration of key elements in interactive design
(information structure, instructional design, interaction possibilities and interface structures) is
possible only through a collaborative team approach (Hedberg and Sims 2001). Interdisciplinary
collaboration is like Mok’s (1996) description of interactivity design: finding a way for different
systems (human plus other) to work together.

Integrating methods
Collaborative research is enabled through defining priorities, critically assessing methods,
communicating effectively throughout an iterative process, and agreeing on how to make sense of
the results. A collaborative research process, like any group work, is characterised by tasks of
organisation, creation and negotiation. This process needs to be designed effectively (Heller 2001).
Rhetoric differs between and among research and practice cultures, and in addition to affecting how
knowledge will be transferred, it can affect the communication during collaboration. It can be
difficult to find a common language for communication (Flower, Gordon, Kolenda and Souder
1997), even if all team members are speaking English. For example, the word “design” is found in
the literature of many disciplines, and is often used to identify the processes and products of
planning for action and communication. Many interpretations are possible. An undergraduate
design student at the University of Alberta recently surveyed two hundred people – students and
non-students, designers and non-designers – for a definition of design. She received two hundred
different answers (Moffat 2002).
The question of evidence is critical to research, especially where disciplinary boundaries are lessdefined (Chandler, Davidson and Harootunian 1994). It is challenging to confront with critical
questions of validity in terms of evidence, and relevance in terms of practical significance. Critical
assessment of methods and approaches strengthens the value of research (Bray et al 2000). There
may be irreconcilable worldviews, but even confronting these makes clearer the location of
common ground. The coordination of different rigorous methods can help to validate common
findings. It must be remembered, however, that results from a study are not necessarily
generalisable or transferable to a specific population or situation. Rather, the methods may serve as
models for studying a particular phenomenon. Rapid research is done by some designers as an
effective means to get immediate answers. Yet, although undertaking research may take time due to
ethics approval (a good thing), actually conducting a well-organised study may not take as long as
may be perceived.
A multitude of quantitative and qualitative methods is available to design researchers (Hofmeester
and de Charon de Saint Germain 1999) in categories such as direct design experience (e.g. user as
developer), co-design (e.g. rapid prototyping and usability testing), co-research (e.g. visual
anthropology and think-aloud protocols), expert observation (e.g. video ethnography and direct
observation) and stimulus and interview (e.g. individual interviews, focus groups and conjoint
techniques).
Our team has worked to integrate qualitative and quantitative research methods in our learnercentred work. Each method can be assessed in terms of validity and relevance, and the approach of
integrating these methods may also be assessed. Our research methods include tracking navigational
strategies, measuring recall from presented information, recording and analysing structured and
semi-structured surveys and interviews regarding user experiences and preferences, using a think-
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aloud protocol during children's representation of presented information, and observing children's
participation in the conception and rapid prototyping of an interactive encyclopedia. Tracking
navigation on the computer can verify participants’ descriptions of their exploration of a Web site.
Statistical tests help to describe participants and signal areas of significant relationship and possible
effects that can bear further exploration. Finding themes through content analysis can enrich
quantitative results, and confirm potential guidelines. There is still much to be learned about to how
to interpret and integrate verbal and visual data from the three studies described here.
Study one: Children's representation of information presented in print and CD-ROM encyclopedias
In this study (Sadler Takach, Varnhagen and Daniels 2002), we looked at how information
presentation in print and CD-ROM encyclopedias affects children's retrieval of information and
their visual representation of that information in research posters. Forty-three children, 26 girls and
17 boys, from three grade five classes participated in this study. The children were aged about 10 or
11 years. The materials consisted of a four-volume set of the "Junior version" of the Canadian
Encyclopedia, and a Macintosh PowerBook laptop computer displaying the starting interface for
"Student version" of the Canadian Encyclopedia on CD-ROM. Topic entries within each
encyclopedia had similar content, images and text, within a slightly different presentation. The CDROM version offered sound files, dictionary listings and a quiz. We completely crossed media
(print versus CD-ROM) and topic (lemming versus ptarmigan), and used a within-subjects research
design to control for effects of topic and media order. Participants were randomly assigned to four
different conditions. In individual sessions of 30 minutes, using a think-aloud protocol, participants
searched for information about lemmings and ptarmigans using both encyclopedias, and sketched a
small poster to show the life cycle of the lemming and of the ptarmigan. Participants then responded
to semi-structured questions about their experience using encyclopedias, topic knowledge and
attitudes towards searching for and presenting information.
We measured participants' time to search encyclopedias and to create the posters. Using a taxonomy
chart developed from an analysis of characteristics in the encyclopedias, we scored features, such as
words, images and composition, in the posters to compare participants' representation of knowledge
in research posters to the information presented in the encyclopedias. We also counted the number
of posters containing any visual or verbal reference to "life-cycle." Responses to three of the
interview questions were coded and counted to examine the effects of prior experience, topic
knowledge and attitudes towards using encyclopedias.
All participants reported some prior experience with encyclopedias (print, 88%; CD-ROM, 77%;
on-line, 21% and with the Internet (95%). Over half (56%) of the participants preferred the CDROM version (print, 28%; no preference, 16%). The print encyclopedia was "more hands-on" and
"gives more information." The CD-ROM version was "easier to read" and "easier to find [the
topic]" since "you can type in what you want and it takes you there with no page-flipping."
On average, participants spent almost twice the amount of time to search the CD-ROM
encyclopedia (7.0 min) as the print version (3.3 min). Children who had more experience using CDROM encyclopedias took less time to search for information, but there was no significant
relationship between print encyclopedia experience and search time. Nor were there significant
relationships between topic knowledge and search time (although very few children had any
knowledge of the topics used in this study), or between preference for either encyclopedia and
search time. It may be more difficult or even more interesting to search using the CD-ROM because
there are more options. Some participants suggested that the CD-ROM encyclopedia was not well
designed, as it wasn't clear where to type in a search term. In fact, the visual interface for this
version was much more complex than the adult version, and seemed to be overloaded with features.
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Even children with previous media experience were temporarily confused. Other effects may
explain the difference in time.
On average, participants spent about the same amount of time to create posters after the print
version (9.1 min) as after the CD-ROM (8.7 min). This may support children's having prior mental
models of how to present information in research reports. Regarding comparison of features found
in the posters with those present in the encyclopedias, there were only two features of significance:
the use of comfortable margins, or white space, and the inclusion of paragraphs or paragraph-like
chunks of textual information. Comfortable margins, or white space is a characteristic found only in
the print encyclopedia, but we can't be sure this is a direct effect of information presentation in the
print encyclopedia. Paragraphs were found in both encyclopedias. There was no significant
relationship between prior media experience and the inclusion of information features in the
posters. Verbal comments by many of the participants, during the research and poster tasks, and in
the interview that followed, focused on the need to have easily-accessed, relevant, readable
information, with images close to related text. Many participants had preferences for specific types
of layout, mainly for the purposes of visual appeal and attracting attention to the title.
Only 18 out of the 43 participants represented "life cycle" in their posters. Children had to decide
whether, or how to represent the concept of "life cycle" as there were no life-cycle diagrams for
either topic in either encyclopedia, and only a textual reference to population cycle in both media
entries about lemmings. They used a variety of visual strategies, from circular life-cycle diagrams
with images, captions, and linking arrows to text and images with just a reference to "cycle" in
headings. Some students commented that they had learned about animal life cycles in earlier grades,
so it is possible that they had a prior mental model about how life cycles could be visually
represented.
From the preliminary results from the first study, it appears that children may come to a research
task with flexible strategies and mental models. They do not necessarily use the task to construct
new knowledge and representation but may fit the new information to pre-existing mental models.
Ease, convenience and speediness of use, and the availability and relevance of different types of
information appear to be at least as important as the specific arrangement of the information.
Study two: Children's participation in the design of an interactive encyclopedia
In this study (Sadler Takach and Varnhagen 2002), we worked with children to explore appropriate
methods to explore children's participation in the design of interactive educational media, and how
these participatory experiences can inform the design of interactive learning media. We investigated
a method that has been adapted from the methodologies of cooperative design, participatory design
and contextual inquiry. This method, called "cooperative inquiry" (Druin, 1999), is a design
approach to creating new technologies for children, with children, and involves discussion and
hands-on working groups in the rapid iterative creation of prototypes. Participatory design
processes have generally involved adults, but cooperative inquiry employs intergenerational teams.
Using a scaled-down version of cooperative inquiry, we consulted with children only as learners,
users, experts, researchers and designers to gain their insights about the kind of interactive
encyclopedias that would be useful and usable for them. Although rich data were collected from the
participants, the process of the cooperative inquiry, rather than the outcome (a prototype of an
interactive encyclopedia), was the focus of this study.
Five grade five children, aged about 10 or 11 years, were chosen at random by their teacher and
participated in three sessions for a total of two hours over three days. The first part of the study
involved a 30-minute individual session. Participants searched a CD-ROM encyclopedia for
information on lemmings and ptarmigans, using a think-aloud protocol, and then responded to
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structured interview questions about how they found information, how the design of the
encyclopedia affected their ability to do so, and how they would present what they found in a
research poster. They were also asked about their attitudes towards different ways of finding and
presenting information. In a second 30-minute session, the group of five participants responded to
semi-structured interview questions about their experiences in the first session. They were asked
how CD-ROM encyclopedias should be designed to help the user find information, and who should
be on the design team. Responses were audiotaped for later comparison with written notes in the
first two sessions. In a third, 60-minute session, the five participants worked collaboratively to
design a rapid paper prototype of what they considered to be an effective CD-ROM encyclopedia in
the form of sample ‘pages’. Comments were noted, and the working process was documented with
sketches and photography. Several different types of verbal and visual data were collected,
including self-reports and responses to questions, and observational notes, photographs, and
sketches and notes done by the researcher to document the process. Data produced by the
participants included a written schedule, brainstorming notes and drawings, and their presentation
of the process, featuring screen templates and samples on a three-panel cardboard display.
Participants’ comments were similar to those in the first study regarding the need for easily
accessible, clear information and with images close to related text. They insisted on the need for
features that provide easy navigation to get at desired information. The students were also quite
concerned with the appropriateness of features and their functions ("no weirdo stuff," must be "easy
to understand if you don't speak English," must have "access for all ages" and we should "add voice
button, in case people can't read"). They felt that the search function should be easier to use (it was
labeled "smart" for smart search, and wasn't set apart from the other buttons ranging across the top),
and they were surprised to find that they had trouble using the help function. They incorporated into
the design of the prototype what they considered to be essential functions: search function, back
button, bookmark and a place to store notes and documents.
We believe that being involved in this type of research-based, design-centred learning was
enjoyable and beneficial for the participants. They were delighted with their efforts, and asked to
present their prototype to their class mates. Although the children found it "frustrating to work this
quickly" during the design activity, they were highly flexible, effective and innovative in thought
and action, and want to continue the task to use authoring tools to design an improved interactive
encyclopedia. We think that research and design teams could learn a lot from their collaborative
process. We will analyse all of the verbal comments using content analysis, to look for themes that
would support the development of guidelines for design. From our observations, it appears that
combining methods that directly and actively involve children enrich our knowledge base.
Working with children in an interdisciplinary, collaborative context provides a powerful
opportunity to focus not only on information presentation and other aspects of design, but on
learners' motivations, preferences and learning strategies, which are critical factors affecting the
optimal design and use of learning tools. Working with children as research and design partners is
an essential part of developing useful design guidelines for interactive learning tools. We would like
to continue to study the design process with children, and compare existing encyclopedias with one
designed using guidelines from children.
Study three: Web site structure and active learning
In this study, we investigated how the design, in terms of structure, of a Web site can impact
navigation and the recall of content (Daniels, Sadler Takach and Varnhagen 2002). We collected
data from 93 undergraduate students (58 females and 35 males) enrolled in introductory psychology
classes at the University of Alberta. Most (85%) were aged 18 to 20 years and the majority (66%)
were in their first year of study. Participants were asked to evaluate the design of one of two Web
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sites (one text-based, the other, metaphor-based) on IBM-compatible computers equipped with 17inch monitors (1024 x 768 resolution). The browser control was hidden from view by using fullscreen mode with auto-hide selected so the participants had to rely on the navigational structure of
Web site to maneuver.
Participants were also asked to complete an on-line questionnaire about their backgrounds (age
range, gender, year of study, experience with computers and the Internet) and their evaluations of
the Web site (were they confused, did they like the Web site, was the text understandable). The
questionnaire featured radio buttons for easy selection, with questions presented as statements in a
Likert format. Participants submitted the completed questionnaire by clicking a button labeled
“submit.” After the questionnaire, participants completed a free recall task by typing in as much
information as possible from the Web site into a text box on screen. As before, they submitted their
answers by clicking on a submit button. There was no time limit, but participants were generally
finished viewing the Web site within five minutes, and were finished the study within 25 minutes.
The two Web sites viewed by the participants provided information about the imaginary
“SouthWestern University” with the same content, but with different structure and offering different
levels of familiarity. The text-based site was designed to include as many text conventions as
possible to satisfy some expectations of users. This site contained a choice of three different text
links (“getting in,” “academics,” and “sports & rec”) on the first level and offered two sub-headings
for each topic on the second level and descriptive paragraphs under each sub-topic on the third and
final level. The home page featured a logo and photograph of the university, and back and home
functions were linked to the words “back” and “home” respectively.
The metaphor-based site substituted image or icon for type wherever possible, providing
alternatives to text conventions and thus possibly disrupting some expectations for use. The
structure of the Web site was designed to represent links metaphorically, through the function of the
image, and therefore was not immediately obvious to viewers without prior experience. There were
no obvious text cues, other than those provided by roll-overs that told the viewer where the links
led, so participants had to rely on internal navigation in the Web site. The fictitious University was
situated in the prairie lands of southern Alberta, a Canadian province. This area is known for the
discovery of petroglyphs in a now-protected area called Writing-on-Stone. The first page featured a
photographic image of a wheat field (symbolic of the Alberta landscape) on which are situated three
petroglyphic characters with abstracted items. The first character is riding a blue scooter into the
image (“getting in”). The other two figures are already in the image; one is reading a red book
(“academics”) and the other is bouncing a yellow ball (“sports & rec”).
We assumed the unstructured nature of the Web would promote active learning, and that the
metaphor site would afford higher recall than the text site. Thus, if participants had to work through
it to understand it, they might internalise the information in a meaningful manner, which allowed
them to recall more. We thought that participants might not remember as much from the text site
because they didn’t have to work so hard to navigate. We wanted to see if how well participants
liked the design of the Web sites was related to their experiences using the sites. We wanted to find
out how much of the content they could recall, in terms of idea units, and how much time they spent
navigating the site.
Participants in the text condition rated the Web site more understandable than those in the metaphor
site, liked the Web site more, thought it was easier to navigate and found that the content was more
understandable, than did the participants in the metaphor condition. Participants in the metaphor
condition rated the Web site more interesting, and more confusing, and spent more time on levels
one and two, than those in the text condition. Participants spent about the same amount of time on
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level three, which contained all of the content information. Contrary to our expectations, there was
no significant effect for the amount of recall based on the structure of the Web site. Participants in
each condition recalled about the same amount of content, which suggests that structure had no
effect on recall. These results do not seem to support the perspective of active learning.
Rather than assume the Web is a revolutionary pedagogical too, we need to look at its unique
aspects and at how people are using the Web as a tool, and see if it is possible to find principles that
can help people make more effective use of the Web. These principles would be useful for
educators and end-users, as well as designers. Further work will address users’ situational
awareness (Ensley 1995) and the types of cues they require in the face of inordinate amounts of
information in to avoid getting lost in hyperspace.

Transferring knowledge
Working to inform design practice is a cyclical process, from the identification of a need in society,
to the development of a research-based practice, to further evaluation of designed products and
services; all of which create a catalyst for more research. Integrated into this process are the other
ways in which knowledge can be transferred or even translated to researchers, practitioners and the
public. Unlike situations of commercial development, there need not be any proprietary issues that
complicate the transfer of knowledge. Rhetoric differs between and among research and practice
cultures, and this affects how knowledge will be translated. It also affects how it will be perceived
by the public, which should be made aware of the of the value of research knowledge (Willinsky
2000).
The way in which results from statistical analysis are presented and “read” is different than that of
the listing of themes that might result from a phenomenological study. Presenting knowledge as
guidelines provides an interpretative summary that might appear to be applicable to design
problems, and would make it difficult to critically evaluate the methods used to arrive at the
guidelines. We could deliver a type of simultaneous translation. To provide a research report to
satisfy as many users as possible may be a challenging problem of information design, but it would
be useful in showing the complex aspects of the problem, and the approach and limitations of the
research. We really need to determine the form in which designers need information.
We may all approach both design research and practice with some assumptions about the design of
such things as learning tools that need to be challenged. In studying the user of learning tools, we
have discovered that we must also consider the users of our research results. We must clarify and
translate our knowledge to share it, and this activity not only provides a record of the process of our
“meaning-making” but allows for a critical review of our ideas and methods which can enhance
validity and value (Bray et al 2000).
For our actions to have impact, we must also promote public knowledge of the benefits of research.
Interdisciplinary research can offer a rich knowledge base which is useful and accessible not only to
researchers and designers, but to others interested in seeking knowledge about well-designed
learning tools. Working within such a framework, for example, we can equip teachers, already
challenged by the complex realities of integrating technology, with criteria for evaluating learning
tools. We can also provide suggestions for meeting curricular goals, such as the development of
critical thinking skills and the effective use of information and communication technologies, using
the unique characteristics of interactive learning media. We will strive to make the information
from our studies accessible to anyone seeking study results for whatever purpose.
There is a responsibility to promote research literacy through professional development and design
education. There exists a huge amount of research knowledge published in print and electronic

Durling D. & Shackleton J. (Eds.) Common Ground : Design Research Society International Conference 2002, UK. ISBN 1-904133-11-8

8

form. How can design practitioners learn to access, assess and apply this knowledge, and even
contribute to the bank of design-related research knowledge? Through the process of our own
research, we may begin to understand the nature of the research literacy that must be acquired, and
the value of interdisciplinary collaborations that must be understood by design students to become
effective, responsible practitioners. Even non-design students (and other citizens) would need to be
equipped with broad, interdisciplinary problem-solving skills to learn and work in a post-industrial
society (Herz 1994).

Putting it all together
Through interdisciplinary collaboration, we are gaining an enriched understanding of how
interactive learning can be designed and used more effectively, as well as how to put this research
knowledge into best design practice. There are still many approaches to explore within this type of
collaboratory relationship, such as investigating through practice-based research and the
development of scenarios to visualise best practices in an interdisciplinary context. Our common
ground lies in building strategic alliances, integrating research methods and finding ways to
translate research knowledge into a form that is useful and accessible to researchers and
practitioners in a variety of disciplines interested in designing media to empower learners with
varying abilities, preferences and needs. In challenging our assumptions about learning, technology,
disciplinary boundaries and the collaborative process, we are presented with the opportunities of a
new question: How can we improve the design of the process and methods of interdisciplinary
research and the translation of the forms of knowledge for use by a wider range of researchers,
practitioners and the public?
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